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Abstract: A power enhancement optical cavity is a compelling means of 
realizing a pulsed laser with a high peak power and a high repetition 
frequency, which is not feasible by using a simple amplifier scheme. 
However, a precise feedback system is necessary for maintaining the narrow 
resonance condition of the optical cavity, and has become a major technical 
issue in developing such cavities. We developed a new approach that does 
not require any active feedback system, by placing the cavity in the outer 
loop of a laser amplifier. We report on the first demonstration of a mode-
locked pulse oscillation using the new system.  
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1. Introduction  
One of the most important topics in laser research and development concerns the realization 
of laser pulses with high peak powers and high repetition frequencies. However, the brute-
force single-pass scheme of amplifying a train of laser pulses with a high-average-power 
amplifier encounters practical limitations related to the available pumping power of the 
amplifier, as well as the damage threshold of the laser media [1]. Another approach is to use a 
power enhancement optical cavity. In this approach, a mode-locked pulse train is injected into 
an empty optical cavity whose repetition frequency matches the pulse repetition. By stacking 
the laser power of many pulses, a high-peak-power laser pulse can be realized in the cavity. 
The realized internal pulse can then be used as a high-repetition-frequency pulse train, as long 
as optical loss does not occur in the cavity. Since this approach does not require an additional 
high-power amplifier that limits the power density, it becomes possible to reach an average 
power that is much higher than the power provided by the amplifier. Currently, the limitation 
is dictated by the damage threshold of the high-reflectance coating of the cavity mirrors.  
One promising application of a laser with a high repetition frequency and a high average 
power in an enhancement cavity is X-ray and γ-ray production via laser-Compton scattering 
[2–4]. In this application, a high-repetition-frequency bunch train of an electron beam collides 
with the laser pulse stacked in the enhancement cavity. An energetic photon beam is then 
produced in the forward direction of the electron beam via laser-Compton scattering. Since 
the interaction efficiency of the scatting process is quite small, the laser pulse in the cavity is 
not affected by the electron beam. Therefore, the high-average-power pulsed laser in the 
cavity can be efficiently used for laser-electron crossing.  
Another application is high harmonics generation for the production of photon beams 
from the UV range to the soft X-ray range. When a high-intensity laser pulse is injected into a 
gas, the high electric field of the laser provides kinetic energy to the electrons in the atoms of 
the gas. This produces coherent radiation at the harmonics of the incident laser. By realizing 
the laser-gas interaction in an enhancement cavity, a high repetition rate and a high average 
power can be expected [5]. 
The photon flux of the laser-Compton photon source is directly related to the stored laser 
power in the cavity. In order to achieve a high stored laser power with a limited injection 
power, it is necessary to increase the power enhancement factor of the cavity. Since the 
enhancement factor is determined by the round-trip loss of the cavity, high-reflectance cavity 
mirrors are required. Using state-of-the-art technologies, multi-layered dielectric mirrors with 
a loss on the order of parts per million have become available [6]. An enhancement factor of 
~106 can be expected with such mirrors. This high enhancement factor, however, has a 
drawback from the perspective of control. More specifically, the resonance width of an optical 
cavity is determined by the cavity loss. Roughly speaking, the cavity length has to be 
controlled with a precision better than the wavelength divided by the enhancement factor. 
Although maintaining such a sharp cavity resonance is not impossible, it is technically quite 
difficult. For example, the required precision for maintaining the resonance in an optical 
cavity with an enhancement factor of ~105 is on the order of picometers. This can be realized 
using a state-of-the-art feedback system [7–9] in a controlled environment that shuts out 
mechanical and electrical disturbances.  
In order to eliminate the technical difficulties associated with controlling the cavity 
resonance, a new approach – referred to as a self-resonating enhancement cavity scheme – has 
been proposed [10]. This scheme does not use an external laser source, but instead uses a 
high-gain laser amplifier. The amplifier and the empty enhancement cavity work as a 
combined oscillation system. A self-resonating enhancement cavity is designed as follows. 
The transmitted light of the cavity is injected into the laser amplifier. The amplified light is 
then injected into the cavity again. Since the cavity works as a filter to transmit laser light that 
satisfies the cavity's resonance condition, the amplified light produced from the transmitted 
light satisfies the resonance condition automatically. The system selectively amplifies the 
laser light that resonates in the cavity. Hence, an active control system is not required to 
maintain the cavity resonance, and this approach is also referred to as a feedback-free system. 
A demonstration of the self-resonating cavity operating in continuous-wave (CW) mode was 
provided in our previous work [10], where a cavity with a finesse of 650,000 was kept 
resonating with an effective finesse of 394,000, which includes the instability of the system, 
without any feedback control.  
Pulse oscillation is advantageous in reaching a high peak power. For this reason, we have 
begun to develop a pulse oscillation of the self-resonating enhancement cavity. In order to 
realize a pulse train in a steady state of the system, an additional condition related to light path 
lengths of optical loops should be considered. A mechanism to initiate pulse formation should 
also be included in the system. Here, we provide a demonstration of the pulse oscillation of 
the self-resonating cavity scheme. Schemes similar to that of our study have been studied for 
the purpose of stabilizing an oscillation [11,12]. However, these previous works were aimed 
at the development of a laser oscillator, and were not concerned with power enhancement. On 
the other hand, our work is to realize a high-power pulsed laser in an enhancement cavity. 
This study represents the first demonstration of the pulse oscillation in an enhancement cavity 
operated in a self-resonating system.  
In this paper, the principles of the enhancement optical cavity, the mode-locked laser, and 
the pulse oscillation of the self-resonating enhancement cavity system are explained in section 
2. Then, in section 3, we describe our experimental results, which demonstrate the pulse 
oscillation of the system. The remaining issues are discussed in section 4, and section 5 
concludes the paper.  
2. Principles 
In this section, we begin by introducing the characteristics of an enhancement optical cavity 
and the self-resonating mechanism. Then, after explaining the principles of a mode-locked 
fiber laser oscillator, we describe how to achieve a pulse oscillation in the self-resonating 
enhancement cavity.  
2.1 Enhancement optical cavity 
An enhancement optical cavity is a closed optical path formed using mirrors and without any 
gain element. The resonance condition of the cavity is represented as follows: 
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where L is the length of the optical cavity, λ is the wavelength of the laser light, and n is an 
integer. When an external laser light satisfying the resonance condition is injected into the 
cavity, the cavity resonates and the laser light is stacked in the cavity. The resonance width δD 
of the cavity is characterized by the finesse F; these two quantities is represented as follows: 
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where Reff is the effective total reflectance of the cavity mirrors, and δD is the full width at 
half maximum (FWHM) of the resonance width represented by the cavity length. If the cavity 
is formed with two mirrors of reflectances R1 and R2, Reff = √(R1R2). The free spectral range 
(FSR) is defined as the frequency difference between the two adjacent longitudinal modes that 
satisfy Eq. (1). The FSR corresponds to the fundamental repetition frequency of the cavity.  
When an external laser light is injected into the enhancement cavity, a part of the incident 
power is reflected at the input mirror. The matching efficiency is then defined as (incident 
power - reflected power) divided by (incident power). The matching efficiency indicates how 
much power (relative to the total power at the input mirror) is entered into the enhancement 
cavity. 
The enhancement factor of an optical cavity is approximately proportional to the finesse 
F. An optical cavity that consists of high-reflectance mirrors can realize a high finesse and a 
high enhancement factor, however, this results in a narrow resonance width δD (Eq. (3)). 
Therefore, a precise control over the resonance conditions – for example, control over the 
cavity length L or the wavelength λ of the injected laser – is required to maintain the 
resonance. In order to control a high-finesse cavity, a low-noise and high-bandwidth feedback 
system is required, in addition to a robust cavity for isolating environmental disturbances. The 
technical difficulty of the feedback-controlled cavity limits the practical finesse and 
enhancement factor.  
2.2 Self-resonating enhancement cavity 
The self-resonating scheme is a new approach to eliminating the technical difficulties 
concerning the precise control required for maintaining the narrow resonance condition of the 
cavity. The conceptual scheme of a self-resonating enhancement cavity is shown in Fig. 1. 
The enhancement cavity is included in an outer optical loop, which contains a laser amplifier. 
The transmitted light of the cavity is amplified and then injected into the cavity again. Since 
the enhancement cavity can be understood as an inner optical loop, the overall system works 
as a double-loop oscillator. Since the cavity acts as a filter that transmits light satisfying the 
resonance condition of Eq. (1), the incident light produced by amplifying the transmitted light 
automatically satisfies the resonance condition. The system initiates with a spontaneous 
emission of the amplifier, which automatically grows to a steady-state balancing the amplifier 
gain with the loop loss. The cavity is on the resonance and the filtered light by the cavity 
stably circulates in the loop without any feedback control.  
 
Fig. 1. Conceptual scheme of a self-resonating enhancement cavity, which consists 
of an enhancement cavity (an inner loop) and an amplifier path connecting the 
transmitted light to the incident light (an outer loop). 
2.3 Mode-locked fiber laser oscillator 
The scheme of this work can be understood as a variation of a fiber laser oscillator. Here we 
briefly explain the principles of a mode-locked fiber laser oscillator. A laser oscillator is a 
positive feedback laser amplifier system. If the gain of a longitudinal mode exceeds its loss, 
the power of the mode grows until the gain balances with the loss as a result of gain saturation. 
Usually, there are multiple longitudinal modes of a cavity that can grow at the same time; this 
situation is referred to as a multiple longitudinal mode oscillation. If each longitudinal mode 
oscillates independently, there is no phase relation between the modes, and this results in a 
CW oscillation. On the other hand, if there is a mechanism that can fix the phases between 
different modes, the superposition of multiple modes can form a pulsed time structure, which 
is referred to as a mode-locked pulse oscillation. The wavelength spectrum of a mode-locked 
laser is broadened because of the existence of many longitudinal modes, which is one of the 
most important characteristics of a mode-locked pulse oscillation.  
A saturable absorber placed in the laser oscillator is an example of such a mode-locking 
mechanism. It acts as a non-linear element whose loss depends on the laser intensity – i.e., 
lower loss for higher intensity. This helps to form a pulsed time structure in a multiple mode 
oscillator. Fig. 2 shows a schematic of a mode-locked fiber laser oscillator. It utilizes a 
saturable absorber based on a non-linear polarization rotation (NPR) in an optical fiber [13]. It 
consists of a fiber laser amplifier, an isolator, a half-wave plate (HWP), quarter-wave plates 
(QWPs), a polarizing beam splitter (PBS), and a narrow band-pass filter (BPF). Since an 
optical fiber has a non-linear birefringence, the laser in the optical loop has a polarization 
variation that depends on the intensity. If the wave plates and the PBS are set so as to transmit 
and leave a high-intensity component in the loop, and to reflect a low-intensity component 
outside the loop, they can function as a saturable absorber.  
On the other hand, the group velocity dispersion in an optical fiber tends to stretch and 
destroy the pulse. The narrow BPF is therefore placed in the loop in order to cut out the tail 
part of the spectrum [14]. Since the spectrum tail corresponds to the tail part of the time 
structure due to the dispersion, the BPF helps to stabilize the mode-locked pulse oscillation.  
 
Fig. 2. Schematic of a mode-locked fiber laser oscillator. 
2.4 Pulse oscillation of self-resonating enhancement cavity 
Since the self-resonating system has multiple longitudinal modes, a pulse oscillation can be 
realized if a mode-locking mechanism is included. There are two characteristic repetition 
frequencies in the system: the frequency of the outer loop (floop) and the frequency of the 
enhancement cavity (fcav) (Fig. 1). In order to form a stable pulse in the system, the following 
relation should be satisfied:  
loopcav
n
m
ff  , (4) 
where m and n are integers. n = 1 is the simplest case where one pulse exists at a time in the 
cavity. This relation represents the situation in which the pulse that traveled around the outer 
loop overlaps the round-trip pulse in the enhancement cavity.  
In order to realize a pulse oscillation, the required precision of Eq. (4) is thought to be 
better than the pulse width. The pulse width to be realized in mode-locking depends on the 
characteristics of the saturable absorber, the gain spectrum of the amplifier, and the group 
velocity dispersion of the oscillator. Since the typical mode-locked pulse width of a fiber 
oscillator using BPF is several picoseconds, the loop length should be adjusted on the order of 
100 μm precision in the pulse oscillation of the self-resonating cavity. It is important to note 
that the required precision is much more easily achieved here compared to that of a feedback 
control in a conventional high-finesse enhancement cavity.  
In addition to the path length adjustment, a mechanism to initiate mode-locking should be 
included in the system, as discussed in section 2.3. To this end, a saturable absorber based on 
NPR in an optical fiber and a BPF are installed in the outer loop.  
3. Experimental procedures and results 
We performed a series of experiments to demonstrate a pulse oscillation of the self-resonating 
enhancement cavity. As discussed in the previous section, satisfying the relation of Eq. (4) is 
of crucial importance for the pulse oscillation. First, we describe the enhancement optical 
cavity used in the experiments and how we precisely measured its fundamental repetition 
frequencies. Then, we explain the procedure used to match the outer loop length to the cavity 
length. Finally, the characteristics of the mode-locked pulse of the system are discussed.  
3.1 Setting up enhancement cavity 
3.1.1 Design of the enhancement cavity 
We employed an NPR based saturable absorber that initiates the mode-locking. Since NPR is 
a non-linear optical effect, the pulse energy is an important parameter. We expected that 
mode-locked pulse oscillation would be more easily obtained by using a higher pulse energy. 
Since a higher pulse energy corresponds to a lower repetition frequency if the total laser 
power is limited, we designed a long enhancement cavity for the experiment.  
We constructed a Fabry-Perot-type optical cavity. It was folded in a V-shape in order to 
achieve a long cavity length in a limited space. The cavity length was 3.62 m, which 
corresponds to a repetition frequency of 41.4 MHz. The mirrors at both ends were concave; 
each had a radius of curvature of 2 m and a reflectance of 98.6%. The folding mirror at the 
center of the cavity was a planar mirror with a reflectance of 99.9%. The finesse of the cavity 
was calculated to be 220 at 1030 nm according to the specifications of the mirrors, and was 
measured to be 170 at 1064 nm by using an external laser. By measuring the transmitted light 
of the planar mirror, the internal power of the cavity could be evaluated. One of the end 
mirrors was mounted on a piezo-controlled movable stage, which allowed the cavity length to 
be scanned.  
3.1.2 Measurement of cavity repetition frequency 
The fundamental repetition frequency of the cavity was measured based on the following 
procedure. A phase-modulated single-frequency CW laser was injected into the cavity. By 
observing the transmitted power of the cavity while scanning the cavity length, resonance 
peaks could be detected. A phase modulation with a frequency of Ω produces side-band 
components located at ±Ω from the original frequency of the CW laser, as shown in Fig. 3.  
 
Fig. 3. Resonance peaks and side band components produced by a phase modulation.  
 
The side-band component appears in the transmitted light only if it satisfies the cavity 
resonance condition. If two side-bands satisfy the resonance condition at the same cavity 
length, then the intensity of the transmitted light beats at a frequency of 2Ω owing to the 
interference of the two frequencies. This specific situation occurs when the following 
condition is met: 
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where n is an integer. Since Ω can be controlled by the driving frequency of the phase 
modulation, we can experimentally find the value of Ω that satisfies Eq. (5). If n is known, 
then FSR can be determined.  
The setup of the cavity repetition frequency measurement is shown in Fig. 4. A laser 
emission from an external CW Nd:YAG laser was injected into a fiber-based wide-band 
electro-optic modulator (EOM). It was then injected into the cavity after being transmitted 
through a fiber amplifier system and an isolator. Since we intended to measure the beat signal 
clearly, the output of the photodiode at the cavity transmission port was fed into a high-pass 
filter (HPF) to eliminate the base-band component. Fig. 5 shows an example of the beat signal 
in the transmitted light observed by scanning the cavity length. In this experiment, since the 
driving frequency of the EOM was set to around 227.6 MHz (n = 5), the beat signal in the 
transmitted light appeared at 455.2 MHz.  
 
Fig. 4. Schematic of a cavity repetition frequency measurement.  
 
Fig. 5. Beat signal of overlapped side-band components through a high-pass filter.  
 
Fig. 6 shows the amplitude of the beat signal as a function of the driving frequency of the 
EOM. We determined the center frequency of the data using curve fitting. The value of Ω that 
yields the maximum beat signal was obtained to be 227.57192 ± 0.00032 MHz. Since n was 
easily known to be 5, the fundamental repetition frequency of the cavity was found to be 
41.37671 ± 0.00006 MHz. This corresponded to a cavity round-trip length of 7.245440 ± 
0.000010 m. It is worth noting that the cavity length was measured with a precision of 10 μm.  
 Fig. 6. Amplitude of the beat signal in the transmitted light as a function of the 
driving frequency of the electro-optic phase modulator. 
3.2 Test with self-resonating mechanism 
3.2.1 Set up of outer loop 
We assembled the outer loop, which connected the transmitted light of the cavity to the 
incident light. The schematic of the whole system is shown in Fig. 7. The basic layout was 
similar to that of the fiber oscillator explained in Fig. 2. A Yb-doped single-mode fiber with a 
length of approximately 1 m was used as a laser amplifier. It was pumped by a laser diode 
(LD) with a wavelength of 976 nm through a wavelength division multiplexed coupler 
(WDM). The output of the fiber amplifier was emitted to free-space through a collimator lens. 
The HWP, QWPs, and PBS were installed for the NPR mode-locking. The reflected output of 
the PBS was used for monitoring the oscillation, and the isolator was placed to determine the 
propagation direction. A telescope system formed by a pair of lenses was installed in order to 
match the incoming beam to the cavity. Two beam samplers (BSs) were inserted at positions 
upstream and downstream from the cavity to measure the incident, reflected, and transmitted 
power of the cavity. Downstream from the cavity, another telescope system was placed in 
order to match the transmitted beam to a collimated beam. At the end of the free-space section, 
a BPF with a center wavelength of 1030 nm and a transmission width of 3 nm (FWHM) was 
installed. The BPF was used for stabilizing the mode-locked pulse formation. The laser was 
then injected into a fiber section with a collimator lens. A micrometer-adjustable optical delay 
line with a 30 mm range of motion was installed in the fiber section to adjust the path length 
of the outer loop. These optical fibers were single-mode fibers, and the connections were 
performed using fusion splicing.  
 Fig. 7. Schematic of the pulsed fiber laser oscillator with the self-resonating 
enhancement cavity.  
3.2.2 Measurement of outer loop repetition frequency 
In order to adjust the repetition frequency of the outer loop (floop) so as to satisfy the relation 
of Eq. (4), a precise measurement of floop is necessary. For the measurement, we prepared 
dummy cavity mirrors of uncoated concave substrates which were identical to the cavity end 
mirrors. Each had a radius of curvature of 2 m and a reflectance of almost 0%.  
The cavity end mirrors were carefully replaced with the dummy mirrors without changing 
the position of the mirror mounts. With the dummy mirrors, the setup can be understood as a 
simple mode-locked fiber laser oscillator. Fig. 8(a) shows a typical mode-locked pulse train 
waveform observed at the output port of the PBS with a photodiode. The pulse repetition 
corresponds to the fundamental repetition frequency of the outer loop. Measuring the 
photodiode output with an RF spectrum analyzer, floop could be determined.  
 
Fig. 8. (a) Typical waveform and (b) autocorrelation waveform of a mode-locked 
pulse oscillation with a transparent dummy optical cavity 
 
Since the repetition frequency of the optical cavity (fcav) was 41.3671 MHz, we adjusted 
floop to roughly 20.688 MHz, which is half the value of fcav (n = 1 and m = 2 in Eq. (4)). By 
using the micrometer-adjustable optical delay line, we were able to adjust floop more precisely. 
Fig. 9 shows floop as a function of the delay line setting. The determination accuracy of floop 
was approximately 0.07 kHz, which corresponds to a path length of 49 μm. The measurement 
of floop shows that a half of fcav was in the range of the adjustment.  
 Fig. 9. Repetition frequency of the outer loop as a function of the delay line setting.  
 
The pulse width of the setup with the dummy cavity mirrors was measured using an 
autocorrelation method. Fig. 8 (b) shows the autocorrelation trace sweeping the delay between 
the two pulses. The FWHM pulse width was estimated to be 4.0 ps.  
3.2.3 Mode-locked pulse oscillation of self-resonating enhancement cavity 
At this stage, the cavity mirrors were replaced with the original mirrors (98.6% reflectance) to 
form an enhancement optical cavity. Since both the fcav and floop were measured precisely, we 
were able to pre-adjust these frequencies to the required condition of Eq. (4) with an accuracy 
better than 0.1 kHz by using the micrometer-adjustable delay line. Fig. 10 shows a mode-
locked pulse train realized in the self-resonating cavity scheme.  
 
Fig. 10. Waveform of a mode-locked pulse oscillation of the self-resonating 
enhancement cavity. 
 
By adjusting the angle of the wave plates in the outer loop, the oscillation could be 
switched to CW operation. We measured the emission spectrum at the CW and pulse 
oscillation using an optical spectrum analyzer. The linear scale spectra are shown in Fig. 11. 
The spectrum width in the pulse oscillation was measured to be approximately 6 nm (FWHM), 
which was much broader than in the case of CW operation. This result was understood to be 
an indication of the mode-locked pulse oscillation.  
 Fig. 11. Wavelength spectra of (a) CW oscillation and (b) mode-locked pulse 
oscillation of the self-resonating enhancement cavity. 
 
The pulse width was measured using an autocorrelation method. Fig. 12 shows a typical 
autocorrelation trace. The FWHM pulse width was estimated to be 2–4 ps by the trace.  
 
Fig. 12. Autocorrelation waveform of a mode-locked pulse oscillation in the 
self-resonating enhancement cavity.  
 
In order to check the tolerance of the repetition frequency adjustment, we varied floop 
using the delay line, and observed whether or not the pulse oscillation was realized. The range 
capable of realizing the pulse oscillation was determined to be ±0.2 mm, which corresponded 
an floop of ±0.29 kHz and a propagation time of ±0.7 ps.  
3.2.4 Confirmation of power enhancement 
By measuring the powers at the monitoring ports of the beam samplers, we estimated the 
power of the incident, reflected and transmitted light of the cavity. The power stored in the 
cavity was also estimated by the transmitted power of the folding mirror of the cavity center. 
The results are summarized in Table. 1. The stored power was estimated to be 4,200 mW, 
whereas the incident power was 111 mW in the mode-locked pulse oscillation. This 
corresponds to an enhancement factor of 38 and a matching efficiency of 0.72. We also 
performed the measurement in the CW oscillation without changing the optical alignment nor 
the pumping power of the amplifier. The enhancement factor was found to be 47, and the 
matching efficiency was found to be 0.85. The matching efficiency in the pulse oscillation 
was lower than that in the CW oscillation.  
Table 1. Laser Powers of the Self-resonating Optical Cavity 
 Incident 
power 
Reflected 
power 
Transmitted 
power  
(concave 
mirror) 
Matching 
efficiency 
Transmitted 
power  
(planar 
mirror) 
Stored 
power 
Mode-locked 111 mW 31 mW 47 mW 0.72 5.1 mW 4200 mW 
CW 164 mW 24 mW 82 mW 0.85 9.1 mW 7700 mW 
4. Discussion 
The experimental results of the pulse train waveform (Fig. 10), the broadening of the 
wavelength spectrum (Fig. 11), and the pulse width measurement (Fig. 12) show a mode-
locked pulse oscillation in the self-resonating enhancement cavity system. The measured 
pulse width was found to be 2–4 ps in the self-resonating system and 4.0 ps in the simple fiber 
laser setup without the cavity. While two measurements were comparable each other, we 
observed fluctuations of the autocorrelation traces in the case of the self-resonating system, 
which resulted in a relatively large error of the pulse width measurement. The transform 
limited pulse width, which indicates a theoretical minimum pulse width, was calculated from 
the spectrum width to be approximately 0.5 ps. It was shorter than the measured value, 
however, this difference is typical for a pulse stabilization scheme using a narrow optical BPF 
remaining a group velocity dispersion in the oscillator.  
The required precision of the frequency condition of the scheme (Eq. (4)) was found to be 
±0.29 kHz for the floop, which corresponds to a propagation time of ±0.7 ps. It is obvious that 
the precision should be better than the mode-locked pulse width (2–4 ps) because the pulse 
that traveled around the outer loop should overlap the round-trip pulse in the optical cavity. 
Since we performed pre-adjustment of the repetition frequencies with a better precision than 
was required, we succeeded in obtaining the pulse oscillation of the self-resonating 
enhancement cavity.  
We confirmed that a higher power than the circulating power in the outer loop was 
realized in the enhancement cavity. The enhancement factor was measured to be 38, and the 
average stored power in the cavity was 4,200 mW. According to the experimental results of 
the pulse repetition of 41.4 MHz and pulse width of 3 ps, the pulse energy and peak power 
were calculated to be approximately 100 nJ and 30 kW, respectively. The enhancement factor 
and absolute power in the cavity tested in this experiment were still low for practical 
applications, because we performed this experiment for the first demonstration using a 
relatively low-finesse cavity. A self-resonating enhancement cavity with a higher finesse was 
demonstrated previously for the case of CW oscillation [10]. Using such a high-finesse cavity, 
we expect to reach a pulse energy of mJ.  
Since the results in Table 1 show that the sum of the transmitted and reflected powers of 
the cavity was 20% less than the incident power, approximately 20% of the incident power 
was lost in the cavity. The loss can be explained by assuming that the cavity mirrors have 
losses of 0.2%. This can be accounted for by the fact that we used inexpensive test mirrors for 
the first demonstration.  
We found that the matching efficiency of the self-resonating cavity in the pulse 
oscillation was lower than that in the CW oscillation. We also found that the matching 
efficiency decreased when we detuned floop by the delay line. We believe that these results 
indicate that the matching efficiency reflects the situation of the pulse overlapping, however, 
further study is required in order to provide a proper quantitative discussion.  
In order to use a high-finesse cavity for the pulsed self-resonating scheme, we should 
understand the relation between the finesse and the required precision of the path length 
adjustment. We also performed experiments with two different settings of the cavity mirrors – 
namely 50% and 90% reflectance. The required precision of the path length adjustment was 
found to be comparable to the case with 98.6% reflectance mirrors described in this paper. So 
far, we have not faced difficulties in increasing the cavity finesse while using these low-
finesse cavities, however, it may appear a difficulty when we will use a higher-finesse cavity 
than in this experiment, and it is yet to be studied. We plan to test a pulsed self-resonating 
cavity with a higher finesse in subsequent studies.  
On the other hand, the stability of the obtained mode-locked pulse oscillation was 
insufficient for practical applications. The pulse oscillation was maintained for several 
seconds, and it automatically restarted mode-locking with a different pulse width. We 
therefore plan to investigate methods of stabilizing the pulse oscillation for the self-resonating 
enhancement cavities.  
5. Conclusion 
The self-resonating enhancement cavity is an attractive scheme to realize a resonance 
condition of an enhancement optical cavity without any active feedback system. The scheme 
has been demonstrated in CW oscillation in our previous work. In this work, we investigated 
the possibility to realize a pulse oscillation of the scheme. The path length of the loop was 
adjusted with a better precision than the pulse width in order to satisfy the integer condition to 
coincide the pulses. We succeeded in demonstrating a mode-locked pulse oscillation in the 
self-resonating enhancement cavity scheme. We note that the required precision of adjusting 
the path length in this scheme is much more easily achieved than that required for maintaining 
the resonance by using an active feedback system in a conventional scheme. We also 
confirmed a power enhancement in the cavity. For the use of the self-resonating cavity in 
practical applications, we plan to develop a pulsed self-resonating cavity with a higher finesse 
and stability in subsequent studies.  
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